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Preface

The International Conference on Computer Technologies in Education ICCTE’93) is the first
conference to be held in this series in Ukraine under UNESCO/IIP aegis. It is meeting place for
researchers and the emphasis is on new ideas and reflection of experiments connected to five main
directions in Computer Technologies in Education: )

e Educational Informational Technologies.

Multimedia and Hypermedia Learning Environment.
» Distant Learning.

e Knowledge-based Systems in Education.

Intelligent Tutoring Systems and their Components.

and to four application aspects:
¢ Student Modelling
» Simulation Environments and Teaching Science
¢ Teaching Languages and Humanities
¢ Teaching Programming.

The Program Committee includes members from 13 countries. Contribution were received
from 21 countries. The proceedings volume ccntains 140 extended abstracts selected by the Pro-
gram Committee from 160 extended abstracts submitted and classified into five directions and four

application aspects mentioned above. The articles have been prepared by and (we suppose) will be
of interest to:

¢ Researchers in artificial intelligence, cognitive science and education.
o Computer scientists and informatien technologists.

e Teachers and educationalists, psychologists.

e Anyone else concerned with educational innovations.

We would like to thank all the members of the Program Committee and other persons who
participated in the reviewing and editing processes. The Conference is supported by several
organizations. We arc thankful to the following organizations:

e Glushkov Institute for Cybernetics

» Ipternational Center for Scientific and Technical Information

* Internatiprial Informatics Research and Training Center [IP/UNESCO
e State Innovate Firm “INTRATECH" Inc.

Kiev ' A. Dovgiallo
September 1993 V. Petrushin
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ASSQCIATIVE SYSTEMS IN THE INTELLIGENT TUTORING
PROGRAMS

G.N. ALEKSANDROV
North-Ossetian State University, Viadikavkaz, Russia
E-mail: ipcvlad@glas.apc.org

The idea of associative system is connected with the idea of association that follows from the
associative psychology, in which it is used as the main explanatory principle.

Mention that association is a connection between psychology processes (between images,
sensations, notions, mental conditions, cmotions, motivations, ideas).

Thus definite motion of content of association from the relation between sensations and images
towards the relation between ideas and semantic formations took place.

We must especially underline P.A. Shevarev’s works who introduced the idea of constants,
generalizations, rules of associations, and also associations symbolically named a,b,g associations.
So in these associations we speak about actualization of the connections in which second members
were not only psychological processes or other actions but spheres of search with realization of
analysis with the result of essential final connection.

In Samarin’s works who made considerable steps in development of associative approach to

mental processes the idea of forming associative systems is moved forward: local systems, particular
systems, into-systems, inter-systems.

Esaulov, devcloping Samarin’s views, considers that the main searching mechanisms are:
combination, redistribution, rearrangement, self-transformation of objects.In the report he
develops the author’s idea that in solving problems complex associative processes take place,

The main thing of actualized association in solving problems is realizing of the task (clear or not
clear, distinct or not distinct). The second is realizing associative system which is transformed as a
result of constant influence of the first thing.

The associative svstem is the system of realized contacts which reflect in mind real contacts
between objects in reality characterized by definite alphabet (any final system of different sym-

bols), total combination of words in this alphabet and the system of admissible substitutions
(wider — system of methods and rules).

The base of our psychological and pedagogical approach is a concept of associative calculus (see
A.A.Markov, P.S.Novikov and their followers).

Concepts of open and closed, adjoining and meta-associative systems are introduced. Associa-
tive systems form a certain hierarchic structure in human activity. They reflect real connections of
different levels {Samarin).

Human activity is considered as an activity directed to forming new words in given associative
svstem, proving of words equivalence, making up new associative systemy, their transformations
according to aims.

Examples:

* While solving a question of belonging the object to definite class a student must build up
meta-associative system of signs (conjunctive, disjunctive or combined) and then having
the concrete associative system which characterizes the object, solve the question of its
belonging to definite class.

« To prove some materialistic affirmation. First of all a student must choose the principle
and way of proving. To do this he constructs associative system which contains necessary
alphabet, definitc words and admissible substitutions (in this case rules of logical

conclusions and so on). Using this meta-associative system a student proves the words
equivalence.
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+ The actions of a student are the same while solving any task which needs research. First
of all he sets the belonging of the task to definite class. If this class is known to him a
student builds up a suitable metasystem as the alphabet au:d words have generalized
character which secures their use not only in concrete case but in any other cases. If we
do sums with transformation of numbers instead of them we use general positional notes,
canonical forms of numbers, different forms of transposed numbers in common case and
soon. If the class is unknown a student constructs the meta-associative system in which
the task is expressed in the searching of the word or proving words equivalence.

There are the results of researching experiments set up by the author.

THE IMPLEMENTATION OF EDUCATIONAL INFORMATION
TECHNOLOGY ACROSS AN INSTITUTION: A CASE STUDY
AT THE UNIVERSITY OF GLASGOW

. KATH BAKER
Computing Service University of Glasgow
GLASGOW G128QQ, Scotland
E-mail: K. Baker@uk.ac. glasgow.compserv

Introduction

Using the University of Glasgow as a case study this paper sceks to examine the current status
of the introduction, implementation, delivery and evaluation of Information Technology within the
United Kingdom Higher Education scctor. Certainly the practical use of Information Technology in
education is becoming more obvious as several of the base technologies come to key points in their
own devclopment and implementation: high quality sound and graphics on even relatively low level
machines, softwarc reliability and {iexibility, extensive and high quality networking allowing the
transfer of images well as text, multimedia and its rolgin uniting other technologies. More impor-
tantly theseducational theory and practice of the use of the technology is becoming established.
However, many of the very obvious and encouraging successes have had a limited impact on the
delivery of learning as a whole and the result is often described as a rather plain mix enlivened with
cherries, rather than as the rich fruit cake that might be hoped for!

Summary

The United Kingdom has bencfited from a series of centrally funded and endorsed initiatives,
put in place by the Universitics Funding Council and its successor bodies the funding councils for
Scotland, Wales, Northern Ireland and England. These initiatives include the Computers and
Teaching Initiative (CTI), the Information Technology in Teacning Initiative (ITTI) and most
recently the two phases of the Tcaching and Learning Technology Programme (TLTP), the

Flexibility in Teaching and Learning Scheme (FTLS). The University of Glasgow has a history of
successful work under these initiatives.

Against this background the University has developed and is implementing an Information
Technology strategy, intcgrated with the full institutional strategy. These strategies call for the
development of a University-wide Information Technology community, encompassing all groups
and including undergraduates, postgraduates, tcaching staff, researchers and support staff. The
electronic and human nctworking that this requirces and the overall management of the strategy 13
under the direction of the Information Technology Officer. Thi's post has been newly created as part
of the University’s commitment to finding, implementing and supporting the widespread use of
policics which work to encourage the satisfactory and effective integration of Information Tech-
nology in its educational endeavour.




In addition toother major Teaching and Learning Technology Programme projects the Univer-
sity of Glasgow is currently running the TILT project (Teaching with Independent Learning
Technologies) with the aim of encouraging the use and evaluation of independent learning technolo-
gies, particularly I T-based technologies, in higher education. [ts overall aims are:

¢ Todevelop methods of enhancing students’ independent learning and of improving staff
productivit.

¢ To develop methods of training students to become skilled independent handlers of
information.

To develop methods of modifying teaching and learning strategies which utilise these new
student skills to improve the quality of students’ learning.

* To develop methods of evaluating this learning, based on explicit learning objectives.
» Todisseminate widely the outcomes of the project.

Over twenty different groups within the University are working on five interlinked areas:
numerical data, mathematically-based models, textualinformation, multimedia and evaluation and
staff training. As with many of the projects undertaken at the University the emphasis is on general
principles which can be derived and disseminated.

This, together with other experience in collaboration with external bodies and other similar
institutions, means that certain principlés for the successful use of Information Technology across
an institution may already be suggested. These include but are not limited to:

e The need for sound educational rcasoning behind the decisions taken.

e Central institutional support.

e Suitable mechanisms for cncouraging debate and dissemination across the groups in-
volved,

» The provision of general and course-specific access to relevant technology for the under-
graduaie population as well as for the academic staf.,

o The integration of information technology-based delivery within the curriculum.
e The provision of reliable and efficient networking and electronic communication.
e Targeted training and updating of those involved in delivery.

o Timely and effective evaluation of the both individual elements and learning overall.

* The creation of a community literatc in Information Technology and able to make reasoned
decisions in the ficld of its use in cducation.

THE PECULIARITIES OF COMPUTER-AIDED INSTRUCTION
INTELLIGENT PROGRAMS

FELIX I. BALANDIN
Computer Science Department
Nikolacv Institute of Shipbuilding
9, Geroco Stalingrada Av., Nikolaev, 327025, Ukraine

In CAl the student’s individual peculiaritics can not be fullv taken into account at present.
Nevertheless. itis possible to provide some freedom for an individuals specificdevelopment by using
intelligent dedicated programs.

The following methods are used:




s The application of a simple and intelligent menu.
* The defermination of a necessary place in reasoning, causing an invalid result.

* The allowance for the possibility of the application of reasoning or metho4 for obtaining
proper results.

When using a simple menu, the application of the most simple question-and-answer systems
assume that an extended answer systems assume that an extended answer is called from 3 given list
of questions. Theintelligent menu enables to predici the non standard formulation of a question and
the availability of the procedure of matching inquiry texts with one of standard questions from the
list stored in the memory. The determination of the beginning of an error process may be accom-
- plished by imposing patterns in LISP as the system of inserted lists.

The automation of computer procedures for the solution of special tasks is rather complicated
and soluble. The application of programs for a non-professional user which cnables to bill in a data
base and a knowledge base may be considered most cffective for various problem areas.

Ccmpliler modelir.g of knowledge assimilation should be based on some processes taking place
ina human brain an¢ in the structures of dvnamic programs in LISP-like media. Among them there
are LISP, FRL, PLANNER and others.

Of special interest there arc analogies between the computer-controlled process of assimilation
and the student. Self-controlled and self-developing computer systems may cnable to model in-
struction procedures more truly.

Practically any programming language may be used to accomplish the simplest independent
proacess in @ computer by creating a continuous cycle with some conventional forms of filling up a
data base. To develop and modify a data base it is necessary 1o have higher level languages of more
complicaied algorithmic structures which start opcrating when all necessary information in bases
has been compiled and may be developed and modificd during the process of the system deveiop-
ment. [1should be notced that the process of the intellect’s independent development in a computer
may be compared with the process of human intellecct development while assimilation the given
obj ¢t area, and they are characteristic of some spccific properties.

INTEGRATING HYPERTEXT, SIMULATION AND COMPUTER
INTERFACED SYSTEMS IN TECHNOLOGY EDUCATION

MOSHE BARAK
Department of Education in Technology and Science,
Technion, Israel Institute of Technology
Technion City, Haifa 32000, ISRAEL
E-mail: TTROI25@TECHNION.BITNET

The broad usc of computers for analysis, design and control of technological systems is not yet
reflected in the curriculum of undergraduate technology education. Many methods used by en-
gineers are also used for high school education.

In the following example an authoring system is used for integration of theory and practical
studies on the subject of *Computerized control systems™:

s A Hypertext file provides theoretical background, such as introduction to computerized
control systems: block diagrams; the concept of puise with modulation (pwm) control:
principals of PID control.

e Thecompulterisinterfaced toa system for “light control™, including lamps, a light sensor
and an A/D converter.
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o A scries of Turbo Pascal programs is used to activate closed-loop control, data collection
and analysis. The programs can be activated from the authoring system environment.

e The learner uses a simulation package for clectronic circuits analyses, in order to
examine specific parts of the electronic system, i.c., the sensor circuit.

« Sets of exercises, problems and tests guide learner’s activities and provide feedback.

In this example, a professional simulation program, hypertext, I/0 hardware and control
softwarc are linked by the authoring system to an integrated learning package.

Many educational technologies were tricd out in the classes during the recent decades. most of
them had only minor cffects on the ways tcachers teach and pupils learn, maybe because they were
just better ways of knowledge delivery. Recent experience shows that today’s technological studies
(e.g., electronics or mechanics) in high school, has the potential to conduct the use of computer

technologies in the classroom and cnablc a real interaction between students and sophisticated
tools.

INTELLIGENCE IN EDUCATIONAL COMPUTING: THE IMPACT FOR
UKRAINIAN INFORMATIZATION PROGRAM

VLADIMIR 1. GRITSENKO, ALEXEY M. DOVGIALLO
Glushkou Institute for Cybernetics
40, Prospect Academika Glushkova
252207 Kicv, Ukraine
E-muail:dovgkiv@sovam.com

Young Ukrainian state needs rapid evolution of content and methods of public and professional
education to the level of international standards. Information technologics (1T) combined in a
National program must help this evolution. Here traditional goals of IT in education (computer

literacy, training time reduction, guaranteed quality of instruction) arc combined with additional
goals such as:

3

o Individualizationof instruction as a technique for students creative abilitics development.
¢ Training in the cooperative skifls.

¢ Interconnections between work, investigation and training.

e Humanitarian fcatures in general and orofessional education, etc.

These goals demand high level of intelligence in the educational computing both in content
and methods of instruction. Our general line here is to support and improve the problem solving
activity of individuals and groups.

Intelligence in the content of education includes:

+ Technological and spiritual aspects combination in a subject matter curriculum for the
harmonic development of student’s logical and imaginative thinking.

The ccological literacy and national aspects in the international cducation arc among
new topics of spirituality.

¢ Educational modeling of subject arcas.
« New kinds of cognitive activity such as:
o o Knowledge bases and expert systems creation by students for topics being studied.

o o Natural language interfaces creation for data and knowledge bases.

e ..
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e « Adult learning principles (more task oriented content, xnowing why students are

being taught some content, participation in the control over learning, etc.) are valid
not for adults only.

An intelligence in methods of instruction includes:
¢ Adaptive computer-assisted testing and instruction.

o Participation in and creation of cducational games (computer and video-computer
based).

+ Distant cooperative problem solving of students and teachers.

Toimplement above mentioned features of intelligence in the variety of curricula itis necessary
to develop special techniques and tools and to organize teacher’s training in these techniques and
tools. Glushkov Institute of Cvbernctics and Scientific Training Center of UNESCO/IIP disposes a
sctof intelligent educaiional modular tools:

e BESS and BETS — educationai cxpert system shells.
o KEY — the tool for natural language information systems creation.
e PALEVAS — macros for adaptive CAl ctc.

Now these and some other kits are being combined with well known tools in a technological line
(D-line) for educational knowledge siructuring and refinement. This line helps a teacher or a
knowledge engincer to wransform rapidly source cducational materials (lcxts, picturcs, sound, vidco
scquences) to electronic books, testing and CAl systems, cducational data and knowledge bases.
Duceto the presence on the D-line entrance of common initial material all these educational software
topics are connecled among themscives and casily can may be used for the creation of rich

.learning/tcaching cnvironments.

Thesc results and ideas are combined in the Ukrainian-Azerbaijan project “Computer-Based
Didaciic Lab: an information environment for teachers” submitted to UNESCO/1IP. The general
goal of the project is to create a special information environment for didactic problem solving and
continuous teachers training in cducational IT and Al. The Computer-Based Didactic Lab must
support teachers participation in new courseware creation for their own curricula. Some modules of

the teachers training coursc were successfully tested on the Ukraine, Azerbaijan, Kazakhstan,
Cuba, India and Syria.

A POSTMODERN THEORY BASE FOR NEW
INFORMATION TECHNOLOGIES

DENIS HLYNKA
Faculty of Education Unioersity of Manitoba
Winnipeg, Canadua R3T 4A6
E-mail: dhlynka@ccu.umanitoba.ca

Keywords: philosophy, postmodernism, information technology

1. Education (pedagogy) is both artand science. When we consider cducation to be grounded in
science, it is appropriate to use the techniques and methodologices of the sciences. EDUCATIONAL

TECHNGCLOGY has become stuck within this positivist scientific paradigm which limits opportu-
nity for scholarly inquiry.

2. Education is also an art, not a finc art. but a practical art, This implics that there is another
paradigm by which onc can fruitfully explore the nature of technology and its relationship to
education. When cducational technology is perceived as art, it would appear that we should usc the
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methodologies of artists, of art critics and of literary theorists. These tcchniques include, but are not
limited to postmodernism, deconstruction. semiotic analvses, and educational criticism/connois-
seurship.

3. This paper will outlinc the paradigm shift which allows us to cxamine educational technology
through a postmodecrn lens.

4. Postmodernism is a term which attempts to describe the condition of contemporary society
coming to grips with the failings of modernity. It is a concept of particular relevance as we approach
the 21st century. Postmodernism implics “incredulity towards mctanarratives™, “disorienting
reversals”, and an acceptance of pluralism in thought, culture and language. Pes  sdernism occurs

at the interscction of “constructed. realitics™. The result is ironic confroniation of alternative
paradigms.

5. It is important to point out that postmodernism is not an'idcology. It secks no converts. You

cannot choose to be postmodcrnist. Postmodernism is a condition. It is a condition of the contem-
porary world.

6. The following binary distinctions scparate traditional cducational tcchnology from post-
modcrn educational technology. The first word in cach opposition represents the normal view; while
the second represents a postmodern questioning:

e Valuc neutral / valuc laden.
* Objective / subjective.
 Science / art.
e-Technology / nature.
e Context frce / context dependent.
e Lincar/ fragmented.
e Single-voiced / multi-voiced.
e Technical / critical.
_* Progress / simultaneity.
* “One best way / multipie ways.
« Permanent / flceting.
* Quantitative / qualitative.
* Technological / humanistic.

7. Deconstruction would point out that the first of each combination of terms is the one which is
valorized or assumed true. Dcconstruction would then attempt to switch the valorization and show
how technology is best represented by the second sct of oppositions.

8. Traditionally, cducational technology has explored the implications of the new media from
the standpoint of a systematic define-develop-evaluate model. Postmodernism suggests that such a
model shouid not be abaridoned, but rather placed in context with an aesthetic alternative whnch
allows a personal response to technological potential.

9. There is sometimes a misunderstanding of the postmodern condition. Critics of postmoder-
nism argue that through deconstruction, a chaotic and nihitistic world view is achieved. If everything
can be dcconstructed. this would scem to be a negative and hopeless view of the future. Postmoder-
nism seems to be chaotic and contradictory and takes pleasurc in irony and confusion. Other critics
argue that if cvery voice is of equal value, then no voice is of any value. However, such is NOT the
intent of postmodernism. The world 1S multivacal: there is no anc “best™ language. The world 1S
multi-ethical: Therc is no one best religion which fits all.

e
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The worid is multi-cultural: No one culture should be dominant or best for all.

10. The question is whether educational technology can assist to reconcile the paradox of
progress with multiple values. Is technology part of the problem or part of the solution? We necd to
belicve that unity through diversity and unity through tolerance is a goal sought after by all just
societies.

11. It is appropriate that this conference is held in the ancient city of Kiev, Ukrainc in 1993
because surely Ukraine is the quintesscntial postmodern country, a country trying to come to grips
with divergent values. a re-discovery of its past, a critical examination of the strengths and flaws of
modcrnity, and a hope for the future. A postmodern cducational technology is necessary as a
philosophic base for a careful, systemic and critical examination of our global viliage.

12. Ukrainian philosopher Hryhory Skovoroda (1722-1794) has captured the paradox of the
naturc/technology opposition where nature in a Derridian sensc requires supplementation, but not

domination. It is appropriate to closc with the insight of Skovoroda, still appropriate some two
hundred vears after his deaths

“Naturc is the truc teacher. You can tcach a falcon to fly, but you cannot teach a turtle to fly;
vou can teach an eagle to play in the sun, but not an owl. You do not need to tcach an apple tree to
bear appies: nature has taught that alrecady. You only need protect the tree from pigs by putting a
fence around it: vou need to prunc the tree. and spray it at the proper time. Don’t interfere with
nature. but if vou can. smooth the path for unhampered development and keep it clear.™

THE TRAINING SYSTEM OF USING THE DIFFERENT MEANS
UNITED BY THE TECHNOLOGICAL LINE

TATIANA N. KAMENEVA
Glushkoo Institute for Cybernetics Ukranian Academy of Sciences
40, Prospect Akademika Glishkova, 252207 Kiev, Ukraine

In the Institute for Cybernetics the new instrumental complex of training technological mod-
ules, uniting different training means for working over the lcarning material into instructional
systems of different pedagogicat purposes is worked out.

This complex is called Technological Line.
The Technological Line consists of
e Modulcofthelcarning hypertextcreation from the initial material (text, drawing, video).

* Module of the training systems development on the base of Data Base Systems with
automalic construction of knowledge control questions.

e Modulc of preparation of cxpert systems.

The Training System on the mecans of the Technological Line represents the totality of
instructions, mcthodological recommendations, examplces of application of softwarc and hardware.

The purpose of creation such a system is to provide simple and visual access to the information
about all blocks (tools) of Technological Line and to give the opportunity of approbation of knowl-
edge by the way of working with this or that tool.

The work with the system is organized as following.

The system gives the material to the user by the scheme presented the Technological Line
(figurc 1) and the menu of objects which are means and tools using for rcceiving and transformation
learning dates into the diffcrent formats:

e Text, drawing, vidco.

el
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* Hypertext.

» Control knowledge hbraries, including the inquiry in natural language.

* Expertsystems.

The enumerated formats are the objects of the menu and-the objects of the learning process.
There are two options of system-user interaction:

* Control option.

+ Training option.

The user choosing the object which he is interesting in can be limited by the first option if he
wants to receive the tools instruction for uscr in hypertext. Or if the user.is interesting in the deeper
knowledge on the tool he may come into the system and use it in his work.

Such work promotes the user’s learning activity, increases the degree of his individuality in the

learning process. The user himself chooses the object of learning and controls his mastering. Such
work is very effective for unprofessional users.

Expert Learning
Systems Computer
Control Training
Knowledge Courses
Libraries BESS. BEST
H-BASE Q-ALL PALEVAS
hypertext Data bases NL interface
text
o W_ISS ‘
drawing,video,
animation
VTR-1.0 CHAKLUN -1

Figure 1. The Technological Line.
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CREATING AND USING COMPUTER TECHNOLOGIES OF LEARNING
AT LVIV UNIVERSITY

IVAN KULCHITSK!
LvivStateUniversity
1, Universytetska Str.
290602 Luiv, Ukraine
E-mail:kulchitk%, Isu. luiv. ua@relay.ussr.cu. net

Keywords: Hypermedia, Multimedia, Computer Learning Systems. Computer for Education.

This project is the result of work of a team of teachers and programmers on creating and
adopting computer learning aids (CLA). The use of these aids is illustrated on the example of
concretc program development.

At Lviv university the major work on the CLA devclopment and adopting is carried out on the
basis of the laboratory for the computerization of the teaching process which was founded in 198S.

The samples of programs for all the courses taught at the university are available at the
laboratory and providc the opportunity.for teachers to see the capabilities of CLA in their specific

course. Such a demonstration allows téachers to successfully overcome their psychological barrier in
the work with computers.

On the next stage an expert on computer tcchnologics of study together with the teacher
develops a concept scheme of the CLA. The scheme includes: the information about the authors of
programs, the subject, the aim, for what students was the program developed, methods of learning,
the expected level of knowledge of the students, program structure, special effects, supplementary
materials, clements of psychological support and evaluation criteria of the programs. Further work
consists in filling the conceptual scheme with specific learning aid materials.

To support the above-mentioned technologies we developed a number of tool systems. These
tools automate the process of deveioping all kinds of CLA: information and teaching dcmonstration,

test and training and other aids. Simple CLAs may be developed by teachers with the help of these
tools.

The developer of the CLA can divide the academic scheme of work into separate parts with the
help of different computer language commands. Between thesc separate units arbitrary links can be

set. For the presentation of academic material a large number of Hyper- and Multimedia tools is
added to CLA.

Special attention is paid to the automation of training exercise rcalization. For this purpose
more than 10 types of doing the exercises are suggested.

In the process of CLA creating for ncw courses there appears, as a rule, a need for new
algorithms for doing the exercises, which results in the enlargement of the sct of types.

The developed CLA can be used in diffcrent modes: a student has a wide choice; he can study
concrete topics; concrete criteria are assigned for the execution of exercises; the access to particular
units of CLA is limited.

Such a CLA gives the teacher the opportunity to organize the process of using the programs for
specific groups of student. In practice this means that the teacher can essentially influence the
process of executing the programs.

On the basis of the created tool systems, computer fearning aids for Ukrainian and other
foreign languages, mathematics and other subjects arc realized.

The laboratory of computerization of teaching process offers to uscrs:

« Tool system for the creation or development of teaching programs, demonstration film
for program products.




e Teaching programs for Ukrainian language study (for English, Russian and Ukrainian
speaking users). .

e Systems for detecting lexical and structural mistakes in Ukrainian texts.

* TPeaching program for numerical methcds on the topic “Interpolation of Functions”. The

program besides theoretical learning of the methods, makes possible the practncal usage
of concrete methods of interpolation.

e Teaching program on the topic: *Open Sets of Topological Space and Inside Points” with
the elements of game.

e Subsystem for the study of the R-technology of programming.

MUDDLING THROUGH - THE BRITISH TRADITION! 'THE
DEVELOPMENT OF COMPUTER HARDWARE AND SOFTWARE
USE IN BRITISH EDUCATION.?

NORA LUCKE
Harlow College, The High, Harlow, Essex, England
E-mail: N.J. Lucke@open.ac.uk

This paper looks, from a practical viewpoint, at the kinds of hardware and software currently in
use in British schools and at the ways in which they are being used.

The paper begins by looking at the latest statistics for the types of computers currently in use,
and the reasons schools have for choosing, and continuing to work with such machines.

The reasons touched on include limitations in government policy in funding hardware acquisi-
tion while making limited provision for teacher training in the use of the machines, the lack of
guidance given as to how the machines were to be used, and the initial lack of software. All these
combined to produce the reign of the *hobbyist’ computer teacher in some British schools, and the
strange attitude in others that the pupils themselves should be left to teach one another and even the
teachers about computers, since the pupils were so quick to pick it up!

Many of these attitudes reflect the fact that untrained teachers were given computers and left to
their own devices, with no indication at first of how the computers might, or should be used.
Teachers and pupils alike had little idea what to do with the computers, and the initial result was a
generation of pupils who taught themselves to program in BASIC ’spaghetti-style’, while a few
teachers who had little or no knowledge of computers felt obliged to introduce their classes to a
variety of ’educational games’ which were seen as a way of generally enlivening lessons and of
providing pupils with a welcome change from a textbook. Since the software was being provided by
programmers who had very little idea of what teachers wanted, for teachers had little idea of what
computers could do, and therefore no idea of what to ask for, good software was slow in coming.

From this muddle, an cnormous amount of innovative software was in fact developed. This
paper discusses somce of the main categorics into which so-called ’educational software’ falls, and
looks at the diffcrent ways in which computers are now being used in both primary and secondary
schools and in Further Education Colleges.

These categories arc:

e The ‘drill and practicc type’ (of which a distressingly large number are still on sale and
are apparently selling well).

e The *moving textbook’ tvpe, which exploits the computer’s ability to draw and modify
pictures and/or diagrams in responsc to input.
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¢ The ’resource type’ which encourages the pupil to use the computer as one of several
‘resources’ (some of which are also supplied by the producer of the software) to use in
the preparation of some project.

¢ The *database type’, in which the pupils have access to a large database which can be
used in a variety of different ways, some of which averlap between pure 'database type’
and the 'resource’ type. The ’database’ category includes dial-up access central
databases and those supplied to schools on CD ROM.

e The ’LOGO type’, which attempts to teach sometimes very young pupils techniques of
. problem solving by modular design.

o *Office tvpe' applications programs.

All of these types are illustrated by reference to numbers of different programs currently on sale
in Britain. '
The paper concludes with a very brief reference to the future of computers in British schools and

colleges in the light of the National Curriculum and the continuing problem of funding for new
hardware and teacher training.

LAWS OF LEARNING AS THE COMPUTER BASED
TEACHING PROBLEM

ALEXANDER V. MOGILYOV
Voronezh State Teacher Training Institute
Computer Science Department
86, Lenina Str., Voronezh, 394043, Russia
E-mail:aspoF,vgpi.voronezh.su@techno.fuug.fi

Keywords: intelligent tutoring systems, student simulation, laws of learning, didactics.

One of the reasons the recent efforts in the intelligent systems based teaching do not lead to the
significant success is the absence of the fundamental approach to the learning that would be based
on the cause - consequence bond. Such approach requires the knowledge of the laws of learning.
These laws describe the bond between of the causes and the consequences in the learning process.

Since the beginning of XIX the most famous teachers and educationists try to form the
fundamental regularities of learning but there is no any consent in their views yet. So the nature of
the laws of learning is described as theoretical or empirical and as non-strict or statistical. The laws
are understood as the regularities binding the phenomena or the set of rules of the teacher activity.
The great attention to the laws of learning problem the russian educationists paid.

The laws of learning applications to the computer based teaching and to the intelligent tutoring
systems especially take a great importance as the basis of the student simulation. The set of the laws
could contain as well some of the proposals of the educationists slassics and the statements of the
classical psychological theories of learning as the new statements of the theoretical level of the
understanding of the learning process. The set of the laws of the learning I propose is as follows:

o The law of tk.e interiorization that means the externality is transferred to the interiority.
Itis very common law of learning. It iscontained in the concrete mechanism by the theory
of Galperin and Talizina.

« Thelawof the associative relatedness of knowledge thatlays in the basis of the associative
theory of learning.

+ The law of copying of the cognitive patterns of the source in the learning.
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"« The law of the motlvatmg conflrmanon that contains the basic ldea of the so-mlled
behaviourizm. : WL e bl g

The set-of laws of learning is thg basis of the teaching systems design and stuoents srmulaﬁon '

in the intelligent tutoring systems. “The contents and apphcatxon of the laws is disclosed in the-
report.
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Keywords pedagogy, currlculum mulumcdm hypermedm cognmve psychology o
Pedagogy, the art and practice of teaching, is once more receiving well deserved attention. In
the process of preparation and education of teachers it becomes evident that the effective use of*
technology can dramaticaily improve the learning experience for new teachers as well as their future
students. The old adage still holds: teachers teach as they were taught

Computer technology is revolutionizing practically every facet of society. The computer in
education is neither instruction nor method of instruction; it is a powerful pedagogical tool that
needs to be consndered whenever theories of learning and curriculum development are discussed. .

-This paper will discuss the apphcatlon of non-computerised mulumedxa, mulnmedlélarid
Hypermedia to preservice and inservice teacher education. T IR AN

- . INTRODUCTION o -

A .

A community that gives high priority to the care of its young and its aged, is a communiiy tha'.

has insured its own survival in the future. Equality of opportunity at every level of education from

pre-school to postgraduate studies in university becomes the cornerstone of an information rich
society. ' '

At times when the demand for education is increasing, and the educational resources, both in
personnel and material sense, are critically low, new innovative curriculum reform has to fake place.
In Australia, the average age of teachers is ten years higher than it was two decades ago. The
number of gifted teachers is and has always been smaller than required. However, the demand for
quality education from Australian and International students is high.

Teachers have long been enhancing their presentation by radio, televxslon hlms, siides,
recordings of music and voice. They were teaching with audio-visual aids, and the students’
learning experience was also enhanced. Despite the advantages of audio-visual presentation, the
learner remains a passive receptacle of information and knowledge. This soon changed with the
advent of the corputer: At first it was the university students who had access to the mainframes and
later the minicomputers for interactive learning. Limited as it may be, the learner had control of the
process. Using the computer to acquire and assimilate basic skills or to model and simulate real
events and physical systems the student had access to a powerful learning medium. The introduc-

tion of the personal computer expanded the accessibility of this learning medium to all levels of
education.

Computer Assisted Learning (CAL), Computer Enhanced Learning (CEL) and other acronyms
followed. In every case the computer provided the learner with increased control and greater
opportunities for exploration of new knowledge and skills. t ap .
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Interactive Video (V) when combined with the computer assisted learning techniques offers
another information sysiem that has been supported more by the training than the education
environment. A classroom that still has lessons, and in the higher education people call it lectures,
can now be supplementad by computer control... audio-visual material that contains videodisc
images as well as the projecied contents of the computer screen.

TEACHING WITH MULTIMEDIA

When a computer is used to combine and corr:ol multiple media such as numerical values and
text, sound, graphics, scanned images, animation and full motion video, such combination becomes
a multimedia system. Muitimedia offers teachers and students a collaborative educational environ-
ment in which communication between teacher and student is highly enhanced. It allows the
learning process change in response to new circumstances. In addition, interactive multimedia
offers a far more effective way of communicating dynamic processes that change rapidly over time or
space.

Muitimedia is technology not pedagogy. Only when it is incorporated in the teaching/learning
process does it become a powerful agent in education. It holds a promise of improving education. To
realise this promise a change in the methods, attitude and nature of curriculum across the full range
of education has to take place. At the same time there is a need for evaluation of the effectiveness of
this type of learning environment.

At Flinders University, undergraduate as well as graduate students in the School of Education
have been and are offered courses in Educational Technology. The emphasis is changing from
audio-visual multiple media to interactive multimedia. To re-enforce the program, teaching
methods and student learning reflect some of the current trends in information technolegy. Other
courses in other Faculties and Schoois within the university have also been, either leaders in, or
developers of, instructional information technology material.

Multimedia materials are designed to stimulate the maximum number of senses in the learner.
Depending on the age of the learner and content, an appropriate application of a number of learning
theories would form the backbone of muitimedia courseware. The learning experience would be
heightened in the following ways.

¢ Increased stimulation.

¢ Greater motivation. ~
¢ Higher intellectual content.

¢ Dceper understanding of subject.

¢ Student directed learning.

¢ Broader application of knowledge. /

TEACHING WITH HYPERMEDIA

Hypermedia may be seen as an extension of hypertext to multimedia. The difference between a
hypermedia system and hypermedia can be compared to the difference between a database
management system (software) and a database (the information base).The works of Ted Nelson
(1967) and Douglas Engelbart (1968) on hypertext define three main features: a set of nodes, a
neiwork of links interconnecting the nodes, and a hypermedia system. The nodes are the containers
of information in mu.timedia form and the links interconnect the nodes so that the information can
be accessed in a structured or unstructured “brainstorming” sequence of events. There are two
components within the hypermedia system: the “author” and the “browser”. A number of
hypermedia systems are available, such as HyperCard and IBM Linkway. All of them implement in
one form or another the facilities of the “author” that allows the creation and editing of the contents
in the nodes, the nodes and the links and the “browser” that provides the facility for accessing -

DI
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information in hypermedia. We are cuirently developing material in hypermedia on a number of
platforms.

TELETEACHING AND COLLABORATION TECHNOLOGY

Collaborative technology is defined as a set of tools, techniques, theories, multimedia com-
munication and logistics aimed at enhancing the ability of people to work together, particularly

when they are separated by large distances and time zones (LINKS, 1990). Tools and theones for

collabwation technologies focus on group work.-

In 1992-a proposal for the establishment of an Advanced Engineering Centre for Information
Technology and Telecommunications (AEC) was lodged with the Department of Employment
Education and Training (DEET). The AEC is a joint venture between University of Adelaide; the
University of South Australia, the Flinders University of South Australia, and the South Austrahan
Department of Technical and Further Education and Training.’ REACRRY

Itis intended that students of the AEC will, as part of their every day educational experience,
use the information and telccommunication technologies which will form the basis of their pro-
fessional careers in industry. The dispersed student body will therefore take many programs using
advanced telelecturing facilities. Students will also be provided with comprehensive computer
workstations and communication facilities (AEC, 1993).

It is also intended that the teleteaching facilities of the AEC be made available to other users
from within participating Institutions and from other organisations.

This discussion will outline the five principal activities that need to be supported by the
teleteaching facilities.

+ Telelecturing.

Teletutorials.

Telemeetings.

Networked Computer-Aided Instraction.

- External Collaboration.

CONCLUSION

In the preface to the book on Some Aspects of University Education Overseas published in 1963,
M.L. Oliphant, from the Research School of Physical Sciences: The Australian National Uaiversity:
Canberra, A.C.T: now (Sir) Mark Oliphant said: “Education will become what it should be, a
unified activity of all mankind, where nations and races will share their cuitures, their technologies
and their geographies, through interchange of this educational material.”
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The technological revolution of our days brought about mainly by computer technologies, is
now transforming all the intellectual activities, including the area of education. The modern
computers form a basis for the processes of informatization in the educational field. And these
processes are characteristic for all stages of the life-long education in our country - beginning from
the school and the college up to the systems of professional training and re-training. That is why the
informatization in education has a systemic character and meds a solid scientific base. And this is
the task of new scientific branch - the pedagogical informatics.

Scientific research in the field of informatization in education may be deviated into several
directions. First, there are studies of the various problems cencerning scientific and methodological
base of a new curriculum course, which is “The basic of informatics and computer technologies”.
Second, we have studies of the problems concerning the sphere of computer usage in other courses.
The third direction treats problems of psychalogical and pedagogical aspects of the computer
training as well as modern methods and forms of training on the base of new information technolo-
gies (NIT). Next direction is methodology and programming for local computer networks at the
institutes of higher education. At last, we have also problems of the social character in the field of
computer education. Because of the systemic nature of all these problems we face the task of
involving specialists from different branches of science and education. And best results will be

achieved, if the scientific research in the field are conducted in the framework of a new scientific
branch - the pedagogical informatics.

The pedagogical informatics may be defined as a scientific field concerning various informatics
aspects of educational activities as well as appropriate methods of teaching and technologies of
information handling and automatization. All those should be directed towards perfection of the
pedagogical processes, this individualization and optimization. in general the pedagogical informat-
ics should have as its subject the intcractions between education and informatics, to study various
aspects and trends of this interaction. The pedagogical informatics comes into being at the cross-
roads between informatics and a number of pedagogical disciplines; it has its peculiar concepfs,
terminology, aims and methods. Among its priority problems there are methodological problems of
informatization in education, development and practical use of the new information technologic for
educational tasks; psychological and pedagogical aspects of computer training, methods and forms
of training on the basic of computer technologies, social aspects of informatization in education and
some other. There are some regular trends and tasks peculiar to the pedagogical informatics. First,
there is a necessity to computerize the process of educational training as first step to the informati-
zation of education in the whole. Second, important to securc priority of the pedagogical methods of
the training in comparison with the technical means. Third, we see the growing importance of the
algorithmic knowledge and algorithmic style of the *hought. Forth, there is a steady growth of the
general information culture of the society, and this trend also should be reflected in the pedagogical
informatics. And, at last, there is a principle of a life-long education on the basis of information and
computer technologies, including telematic technologies.

30
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Constructionism as a philosophy of education looks for better things to do and more bo"\;‘éxrful
ways to think about what are you doing. This word expresses the idea that knowledge is build by the
learner especially felicitously when the learner is engaged in the construction of something external
or at least shareable a sand castle, a machine, a computer program a book (1) (Scheme 1).: «-:

;o

ObjeCtS —  Construction ——  Ended i . vt
Student The construction o o) (book map

t f kn Wledge ’ y

l animated cartoon)

Scheme 1. Constructive education.

In the process of constructive education the child has work as inventor and reinvent the explicit
knowledge. We believe that new branch of constructionism can be based on the reconstruction of the
implicit child’s theories (Scheme 2).

Mind Reconstruction ——————— Ended product
The reconstruction of knowledge (implicit cognitive
Student € 1 g models)

Scheme 2. Reconstructive education.

Theoretical background of our work was the Kelly theory of personal constructs. From the
Kelly’s point of view, a man has explored his environment in all periods of his life. In any moment
he/she has build hypotheses about environment and lives on the base of these hypotheses. Interven-
tion of Kelly’s ideas to the computer media seems very promising for us. We made a special
LogoWriter Version of Repertoire Greed Test (RGT), proceed from this. An ended product is a
specific computers constructor. With the help of this constructor students can create a computer map
of their inner world. In the process of education students categorized elements and discussed with
teacher different computer models of a their cognitive structure. We have successfuily used this tool
in various educational projects, and we believe that it successfully support new mixed educational
environment (Scheme 3). Within the framework of this envnronment students have actively made
various hypermedia creative products.

Objccts )

Construction - . Mixed
Student . ended
Mind Reconstruction prod_uct

Scheme 3. “Mixed media”.

References

1. Papert S. Constructionist learning. Introduction. The Media MIT Laboratory MIT, Cambridge,
Massachusetts, 1990. p. 3.

ERIC S




Q

ERIC

Aruitoxt provided by Eic:

18
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The issue of reusing software artifacts, in the aim of fostering the process of building large

software bases, limiting their cost and improving their reliability is an extensively debated topic in
software engineering. .-

On the other hand, courseware reuse is almost a brand new field: few researchers have explored
methods, techniques and tools devoted to the improvement of the various phases of courseware
authoring.

One possible way of tackling this problem is to approach reuse as it has been developed in
software engineering, to sort out those techniques and methods eligible to be applied to the more
restricted - and in many ways different - field of courseware development. Some of the considera-
tions reported in this document are based on sofiware reuse methodologies; in particular, Krueger’s
accurate and thorough survey on this topic [Krueger 921 has been used as an effective source of
ideas. In addition, the literature in the field of information retrieval systems provides plenty of hints
on how to support retrievability of courseware artifacts from a database of learning material.

What is courseware reuse?

Courseware reuse is the process of integrating some existing courseware components into a new
teaching/learning system rather than creating it all from scratch. Such a definition refers both to
the reuse of multimedia learning material (i.e. pieces of text, sound, graphics), and to any half-pro-

duct of the courseware design phases, such as for instance domain represcntation, learner model,
etc.

In this paper, we make the assumption that the following equation holds: rcusability = retrieva-
bility + adaptability.

Making the material easily accessible to the author is a first necessary condition to achieve
reusability. Retrievability can be improved by designing and developinga pool of material, endowed
with querying functions specifically tailored to suit authors’ needs. To this purpose, the material

should be decomposed into self consistent units and endowed with a suitable characterisation (the
so called indexing).

There is no point in being able to retrieve useful material if its integration in the new context is
so painful that is not worthwhile. There arc many practical issues to be tackled in order to achieve
adaptability: copyright problems to be solved, hardware and software dependencies to be overcome,
cultural biases to be removed, references to the original context to be changed. Besides approaching
these problems from a purely pragmatic point of view, by providing conversion 1ools or automatic
translators and similar support functionalities, it is possible to promote a culture of courseware
adaptability, by proposing guidelines and approaches to the design of reusable material that
facilitate its subsequent employment in diffcrent contexts. In other words, in analogy with the
software engineering field, reusability is easier if the material has been designed to be reused. How

to define the features and development methods that make material more easily reused is the focus
of the following paragraphs.

Why courseware reuse?

Courseware rcusability is being investigated in the hope that the availability and modifiability
of large pools of courseware can heavily reduce the development costs. This holds in particular for
the costs of production of high quality multimedia lcarning material, that in fact rcquires the
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employment of several kinds of expertise, involving graphic designers, actors, directors, film
makers (if it includes video) and programming competence, knowledge domain and instructional
expertise. The development of instructional audio-visual programs cannot, in fact, be improvised,
and it is a very expensive enterprise. For example, an author can extract useful sequences from
existing ones, add a different audio, and integrate them with other material developed from scratch
or coming from other sources. In conclusion, for reuse to be a real value, the artifacts to be reused are
not necessarily suitable for the purpose since the very beginning; nevertheless, they must be easily
modifiable, otherwise the costs of reuse can be higher than the costs of development from scratch.
This point is particularly interesting for enterprises thai produce training material for different
contexts but, usually, with similar training approaches and on similar domains.

What features for courseware reusability? o
All approaches to courseware reuse share the need for the following features:

¢ Selection: an author has to select, amongst a set of possibly reusable components, tﬁe
one which best suits his/her needs. The flexibility of an approach based on database

techniques can provide the author with a valuable aid in indexing and retrieving existing
artifacts. -

e Abstraction: this is the essential characteristic of any approach to reuse, as it allows the
~ author to quickly understand the features of a reusable component without the need of
examining the details of its structure and implementation. Cognitive distance is the
amount of intellectual effort required to an author to understand the features of a given

reusable arlifact: the better is the abstract representation of the component, the less is
the effort from the author.

¢ Specialisation: once a component has been identified and selected, it must often be
. adapted to the new context of usage; the more generic is the original artifact, the wider
is its range of reusability, through a proper refinement activity; it is nonetheless impor-

tant to consider the cost of such specialisation. '

* Integration: a reusable component is a moduie offering some’services, endowed with a
‘specific interface; the integration activity consists in implementing the protocol that
controls the component, interacting with it through its interface. With software com-
ponents, interfaces are formally defined, thus ailowing for the implementation of reliable
protocols; in the case of courseware it is often impossible to provide a formal definition
of the resources required by a reusable artifact, therefore calling for the author s expllcn
intervention in the integration activity.

The rest of the paper describes some proposals to enhance reusabilify by supporting the author
of courseware with the features listed above.
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The advent of the multimedia personal computer (PC) has meant that many new approaches to
instructional delivery can be created. Of significant importance in this context is the availability of
high quality sound, photo-realistic images and motion video. These resources can be combined,
where appropriate with supporting textual material, in order to create many different types of

interactive learning environment based upon both linear and non-linear approaches to information
delivery.

In the work that we have been recently undertaking we have been concerned with various
approaches to the provision of digital motion video in a PC environment. Motion video has been
employed for the support of computer-assisted learning and computer-based training using an
electronic book metaphor. The type of electronic book that we have been developing is referred to as
a "moving picture book’. However, oiher types of multimedia and hypermedia book (that embed
motion video segments) have also been created to support a range of different automated teaching
projects involving the design of electronic performance support systems (Barker and Baneriji, 1993)
and the development of interactive learning environments to support the teaching of foreign lan-
guages (Barker, Giller, Richards, Banerji and Emery, 1993).

A number of different approaches to the provision of digital motion video have been explored.
Our early work was based upon the use of analogue video disc for the storage of TV quality motion
video pictures. As well as storing video, such discs can also store any accompanying sound effects
and/or audio narrations in analogue form for direct playback with the visual material. Unfor-
tunately, there are many problems associated with using this approach to audio-visual provision-
particularly, when it is required to perform 'voice-over’ with freeze-frame’. In order to overcome
these problems we have used a "hybrid’ approach based upon the use of video disc for picture storage
and compact disc (CD) for the storage of audio material in digital form_;

In our early systems (described above) the analogue video material retrieved from optical discs
was digitised in real- time as it was brought off the disc and then displayed directly on the computer’s
CRT monitor. The control software for this system allows access to individual frames on the video
disc. Images and video clips could also be displayed on the screen within windows that could rangein
size from a 'postage stamp’ through to full-screen.

The above system has recently been extended toinclude digital compression and decompression
facilities so that incoming material from a video disc (or other analogue source) can be digitised,
compressed and then stored digitally on a hard-disc (or a fast-access CD drive). Once the material

has been stored it can be retrieved, decompressed and then displayed on the CRT screen of the host
workstation.

Our other approach to the provision of motion video in a PC environment is based upon the use
of Intel’s digital video interactive (DVI) technology. The most recent DVI board-set thatis provided
by Intel allows two basic functions: video capture from a range of different analogue sources (based
upon digitisation and compression); and delivery (using real- time decompression techniques). Two
basic workstations based upon this board-set have been constructed and are now in routine
operational use. Onec of these (the authoring station) is used for creating video-based training
resources and the other is used for their delivery. While the authoring station needs to embed both
the compres